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LOW-SPEED W I N D - T U N N E L  RESULTS FOR A THIN 

ASPECT-RATIO-1.85  POINTED-WING-FUSELAGE MODEL 

W I T H  DOUBLE SLOTTED FLAPS 

By Albert E. Brown 

SUMMARY 

Results  are  presented  of a wind-tunnel  investigation a t  low speeds 
of a thin  aspect-ratio-1.85  pointed-wing-fuselage model equipped  with 
double s lot ted  f laps ,   including  the  effects  of a s t r a igh t  and a de l ta   hor i -  
zontal  t a i l  on t h e   s t a t i c   l o n g i t u d i n a l   s t a b i l i t y  and the   e f fec t  of a 
d e l t a   v e r t i c a l  t a i l  on t h e   s t a t i c   l a t e r a l   s t a b i l i t y .  The r e su l t s   i nd i -  
cated  that   f lap  effect iveness   increased  with  increase  of   f lap  def lect ion 
up t o  52.5'. For f lap   def lec t ions   g rea te r   than  52..5O, f lap   e f fec t ive-  
ness  decreased  with  increase  of  flap  deflection. With a f lap   def lec t ion  
of 52.5', the  l i f t  coef f ic ien t  a t  an  angle  of  attack of 0' was 0.66 and 
the  maximum l i f t  coeff ic ient  was 1.53. Most of t he   l i f t - coe f f i c i en t  
increment a t  an  angle of a t t ack  of 0' held  throughout  the  angle-of- 
attack  range  to  near stall .  For   longi tudina l   s tab i l i ty  of t he  model with 
the  double s lo t ted   f laps   def lec ted ,   the   sa t i s fac tory   loca t ion   for  a 
s t r a igh t  or del ta   hor izonta l  t a i l  was  rearward  and  below  the wing chord 
l i n e  extended. However, the   s t ra ight   hor izonta l  t a i l  studied would not 
provide  longitudinal trim. The d e l t a   v e r t i c a l  t a i l  provided  s ta t ic-  
d i r ec t iona l   s t ab i l i t y   o f  the model except at high l i f t  coef f ic ien ts  and 
general ly   increased  the  effect ive  dihedral .  

INTRODUCTION 

Previous  investigations  (refs.  1 t o  4) have shown that large  incre- 
ments of t r i m  l i f t  coefficient  can  be  obtained on delta-wing  airplanes 
by use of double s l o t t e d   f l a p s  and t h a t   s t a t i c   l o n g i t u d i n a l   s t a b i l i t y  
can  be  maintained up through  the stall  by the  use  of a properly  located 
horizontal  t a i l .  The large  increments of l i f t  coeff ic ient  were l imited 
t o   t h e  low and  moderate  angle-of-attack  range  and  only  relatively small 
gains i n  maximum l i f t  coeff ic ient  were obtained  because  of  the  reduction 
in   f lap   e f fec t iveness  at angles  of  at tack  near  the s ta l l .  Shi f t ing   the  
hinge  l ine of t h e  double s l o t t e d   f l a p s   t o   t h e   d e l t a - w i n g   t r a i l i n g  edge 
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(extended  double  slotted  flaps)  resulted  in a configuration  in  which  the 
flap  effectiveness  held  to  angles  of  attack  near  the  stall  (ref. 5). 
The  present  investigation  was  made  to  determine  whether  the  attainment 
of  flap  effectiveness  through  the  angle-of-attack  range  such  as that'of 
reference 5 might  be  obtained  on an aspect-ratio-1.85  pointed-wing  plan 
form  with  double  slotted  flaps.  Less  rearward  movement  of  the  flap 
would  be  necessary  for  this  configuration  than  for  that  of  reference 5, 
and  thus  less  mechanical  complication  and  less  diving  moment  for a given 
lift-coefficient  result.  The  hinge  line  of  the  sweptforward  trailing- 
edge  double  slotted  flap  of  the  present  investigation  was  along  the 
83 percent  chord  line'  which  has a sweep  of -3 .bo. The  hinge  line of the 
constant-chord  extended  double  slotted  flap of reference 5 was  unswept. 
Results  of  high-speed  investigations  made  on a pointed  wing  with  flap 
controls  having  an  unswept  hinge  line  are  presented in reference 6. 

Included  in  the  investigation  were  the  effects  of a delta  and a 
straight  horizontal  tail  on  the  longitudinal  stability  and  control  char- 
acteristics of the  pointed  wing  with  double  slotted  flaps.  Both  tails 
had  approximately  the  same  variation  of  lift  with  angle  of  attack. 

In  order  to make a preliminary  evaluation  of  the  static  lateral 
stability  of  the  model, a few  tests  were  made  with  and  without a delta 
vertical  tail  at  angles  of  sideslip  of f5' through  the  lift-coefficient 
range. 

COEFFICIENTS AND SYMBOLS 

The results  of  the  tests  are  presented as standard  coefficients  of 
forces  and  moments  about  the  stability  axes. The positive  directions 
of  forces,  moments,  and  angles  are  shown  in  figure 1. A l l  moments  are 
referred  to  the  quarter-chord  point  of  the  wing  mean  aerodynamic  chord 
projected  on  the  plane  of  symmetry  as  shown  in  figure 2(a). The  coeffi- 
cients  and symbols are  defined  as  follows: 

CL 

CD 

Cm 

Cn 

drag  coefficient, 9 
pitching-moment  coefficient, moment 

q S E  

rolling-moment  coefficient, Rolling  moment 
qsb 

yawing-moment  coefficient, Yawing  moment 
SSb 
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la te ra l - force   coef f ic ien t ,   La tera l   force  
qs 

var ia t ion  of ro l l i ng  moment with  sideslip  per  degree,  
a C  a , measured  between p = t 5 O  2 1  p 

var ia t ion  of yawing moment with  s idesl ip   per   degree,  
bCn/ap, measured  between p = i 5 O  

var ia t ion  of la teral   force  with  s idesl ip   per   degree,  
dCy/ap,  measured  between p = +5O 

free-stream dynamic pressure, TPV , lb/Sq ft  1 2  

wing area,  8.63 sq f t  

wing mean aerodynamic  chord,  2.88 f t ,  rbl2 c2dy 
(see   f ig .   2 )  u J  0 

wing span, 4.00 f t  

free-stream  velocity,   f t /sec 

mass density of air, slugs/cu f t  

f l a p   d e f l e c t i o n   r e l a t i v e   t o  wing-chord plane, measured  from 
flap-chord  plane i n  a plane  normal t o  hinge  l ine  (posit ive 
when t r a i l i n g  edge i s  down), deg 

angle  of  attack of wing, deg 

l o c a l  wing chord, f t  

l o c a l   f l a p  chord,  measured  normal t o  flap  leading edge, f t  

lateral  distance from plane  of symmetry measured p a r a l l e l   t o  
Y-axis, f t  

ve r t i ca l   d i s t ance  from  wing-chord plane  posit ive when above 
chord  plane, f t  ( f i g .   2 ( c ) )  

distance  of t a i l  quarter-chord  position  rearward of t he  wing 
quarter-chord  position, f t  ( f i g .  2 ( c ) )  

incidence  of  horizontal t a i l  measured  from  wing-chord plane, 
deg 

3 
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Subscripts : 

max 

t 

maximum 

horizontal  t a i l  
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MODEL AND APPARATUS 

The model w a s  t e s t e d  on a s ingle-support   s t rut   in   the  Langley 300 MPH 
7- by  10-foot wind tunnel .  The aerodynamic forces  and moments were meas- 
ured on a six-component  mechanical  balance  system. 

The pointed wing ( f ig .   2 (a )  and t ab le  I) w a s  e s sen t i a l ly  a f la t  s teel  
p l a t e  5/8 inch  thick  with  beveled  leading and t r a i l i n g  edges,  having 600 
sweep of the  leading edge, -23 .lo sweep of t h e   t r a i l i n g  edge,  and  rounded 
t i p s .  The thickness  varied from 0 . 0 1 2 ~  at t h e   r o o t   t o  a m a x i m u m  of 0 . 0 4 7 ~  
a t  0.746b/2. 

The double   s lot ted  f lap arrangement tes ted   ( f ig .   2 (b)  and t ab le s  I1 
and 111) consisted  of a tapered  f lap  constructed of s teel  with a wood 
leading edge  and a tapered vane consisting of a s t ee l   spa r   w i th  wood 
covering. 

For the   f lap   in   the   def lec ted   pos i t ion   the   l ead ing  edge  of t he  vane 
was along  the  hinge  l ine which was the  83-percent  chord  line and t h e  
inboard edge of t h e   f l a p  was skewed r e l a t ive   t o   t he   fu se l age .  With a 
f lap  def lect ion  of  52.5' the   , inboard   t ip  of t h e   f l a p   t r a i l i n g  edge was 
5.36 inches  from  the  plane  of symmetry. For  the  undeflected  posit ion of 
t he   f l ap ,   r e l a t ive  movement between the  vane  and f l a p  would be  necessary 
t o  stow the  vane; s ince stowage  space f o r   t h e  vane was not  provided  in 
the  construction of  t h e  model, t he  vane was removed for  the  undeflected- 
f l a p   t e s t s .  

The horizontal- ta i l   configurat ions and locat ions  tes ted on the  model 
a re  shown i n   f i g u r e  2( e ) .  The 60° d e l t a  t a i l  had an aspec t   ra t io  of  2.31 
and was constructed  of  l/&-inch aluminum. The aspect-ratio-3.06  straight 
t a i l  had a t a p e r   r a t i o  of  0.394  and was a double-wedge a i r f o i l  made of 
aluminum. The areas of t h e   d e l t a  and s t r a igh t  tails were 16.1 percent 
and 11.6 percent of t h e  wing area,  respectively.  Provisions were made 
f o r  locat ing  the ta i ls  a t  the  different   longi tudinal   poki t ions by means 
of interchangeable  afterbody  sections  (fig.   2(a));   posit ioning  the ta i ls  
above and below t h e  wing chord l i n e  was  accomplished  by  supporting  the 
t a i l  on 1 /2- inch   s tee l   ver t ica l   s t ru t s .  

The 60' d e l t a   v e r t i c a l  t a i l  was constructed  of  1/8-inch-thick  alu- 
minum and  had an area which was 18.4 percent of t h e  wing area ( f i g .  2( a) ) . 
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TESTS 

The t e s t s  were made at a dynamic pressure of  approximately 25  pounds 
per  square  foot  corresponding t o  an  airspeed  of  about 100 miles per  hour. 
The corresponding Mach  number was 0.13. Reynolds number based on t h e  
mean aerodynamic  chord was approximately 2.7 x 10 . The model was t e s t e d  
at angles  of  at tack from -12O t o  32'. 

6 

Data were obtained  for   f lap  def lect ions of Oo, 40°, 4 5 O ,  50°, 52.5', 
55', 60°, and 65' f o r   t h e  model without a horizontal  ta i l .  Tests of t he  
model w i th   s t r a igh t  and de l ta   hor izonta l  t a i l s  were made at several  t a i l  
incidences  with  f lap  deflections of 50' o r  52.5' f o r   t h e  t a i l  locat ions 
shown i n  f igure  2(   e)  . The parameters Cnp, Cyp, and C 2  were deter-  

mined from t e s t s  a t  s idesl ip   angles  of 25' f o r   t h e  model with t a i l s  of f ,  
with a d e l t a   v e r t i c a l  tai l ,  and with a d e l t a   v e r t i c a l  and horizontal  t a i l .  

P 

CORRECTIONS 

Jet-boundary  corrections,  obtained  by methods out l ined  in   reference 7, 
have  been  applied t o   t h e   a n g l e  of  at tack,  the  drag  coefficient,   the 
pitching-moment coeff ic ient ,  and  rolling-moment coef f ic ien t   da ta .  

Blocking  corrections have  been applied  according t o   t h e  method of 
reference 8.  A buoyancy correction  has  been  applied  to  the  data  to  account 
f o r  a longi tudinal   s ta t ic-pressure  gradient   in   the  tunnel .  The angles  of 
a t tack  have  been  corrected t o  account   for   a i rs t ream  incl inat ion.  

REWLTS AND DISCUSSION 

The data  are  presented  in  the  following  f igures:  

Longitudinal  aerodynamic  characteristics: 
Figure 

Effect of f lap  def lect ion,  t a i l  off  . . . . . . . . . . . . . . .  3 
Effect  of  straight t a i l  . . . . . . . . . . . . . . . . . . . . .  4 
Effect   of   del ta  t a i l  . . . . . . . . . . . . . . . . . . . . . .  5 

Lateral s t ab i l i t y   cha rac t e r i s t i c s :  
Lateral   s tabi l i ty   parameters  . . . . . . . . . . . . . . . . . .  6 
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Longitudinal Aerodynamic Character is t ics  

Effect  of  double  slotted  f lap  deflection, t a i l  off . -  For the   f lap-  
deflection  range (40° t o  52.5'), substantial  increments  of l i f t  coeff i -  
c ient ,  which increased  with  f lap  deflection, were obtained  throughout 
the   l i f t -coef f ic ien t   range   to   near  C b x  wi th   the  2 = 1.56E a f t e r -  
body sec t ion   ( f ig .  3). For f lap   def lec t ions   g rea te r   than  52.j0, f l a p  
effectiveness  decreased  with  increase  of  flap  deflection.  Although a f l a p  
def lect ion of 52.5' produced  about t h e  maximum flap  effect iveness ,   the  
largest  value  of C h x  (1.58) occurred  for a f lap  def lect ion  of  400. 
(The value  of C h x  f o r   t h e  model with  f laps  undeflected w a s  approx- 
imately 1.20. ) For f lap   def lec t ions  up t o  55O t he  increment  of l i f t  
coef f ic ien t   for  a given  f lap  def lect ion  var ied  only  s l ight ly   throughout  
the   l i f t -coef f ic ien t   range   to   near  C h x  (similar t o   t h e   d e l t a  wing 

with  extended  double  slotted  f laps  of  ref.  5) .  With a f lap   def lec t ion  
of 52.5' the  l i f t  coef f ic ien t  a t  an  angle  of  at tack of Oo f o r   t h e  
pointed wing was 0.66 and was 1.53. For t h e   d e l t a  wing of   ref-  

erence 4 with a f lap   def lec t ion  of 5z0, the  value  of  the l i f t  coeff i -  
c ient  at an  angle  of  attack  of 0' was 0.89 and C h x  was 1.53. It 
should  be  noted that the  f lap-wing  area  ra t io  ( 0  .llgl) of the  present  
investigation was smaller  than  that   of  reference 4 (0.1483) and accounts 
la rge ly   for   the  lower lift coeff ic ient  a t  an  angle  of  attack  of 0'. An 
angle of  a t tack  of about 23' was requi red   for   the   p la in  w i n g  t o  obtain 
a l i f t  coeff ic ient  of 1.0, whereas an angle of a t t ack  of about 7 O  was 
required t o  obtain  the same lift coefficient  with a f l ap   de f l ec t ion  of 
52.5'. 

cL.max 

A t  lift coeff ic ients  above 0.65 t he   l i f t -d rag   r a t io   fo r   t he  wing 
with  double  slotted  f laps  deflected 52.5' was higher  than that f o r   t h e  
p la in  wing. 

With the  exception  of some neut ra l   s tab i l i ty   over   the   h igh  lift- 
coefficient  range  (fig.  3), t he   t a i l -o f f  pitching-moment curves of t h e  
present   inves t iga t ion   for   f lap-def lec t ion  angles up t o  52.5' generally 
remain  stable up t o  t h e  stall .  Pitching-moment character is t ics   exhibi ted 
undesirable  nonlinearity when f lap   def lec t ions  were increased above 52.30, 
correaponding t o   f l a p   d e f l e c t i o n s   f o r  which flap  effectiveness  decreased 
(f ig .   3(b)) , .   In   the  del ta-wing  invest igat ion  of   reference 4, instabi l i$y 
occurred  with  the  tai l-off  configuration  for a l l  f lap   def lec t ions   t es ted .  
For l i f t  coeff ic ients  up t o   t h e  maximum, t he   t a i l -o f f  pitching-moment 
curves of the  present   invest igat ion had less   diving moments than   fo r   t he  
corresponding  l if t-coefficient  values of reference 5 .  

Effect of s t r a igh t  t a i l  on the   l ong i tud ina l   s t ab i l i t y  and control.- 
A longitudinally stable configuration  with  flaps  deflected  occurred with 
locat ion of t he   s t r a igh t  t a i l  rearward and  below t h e  chord l i n e  extended 
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( 1  = 1 . 5 6 ~ ,  z = -0.20E) and longitudinal  instabil i ty  occurred  for  the 
model with  rearward  position  of  the t a i l  above t h e  chord l i n e  extended 
( f i g .  &(a) ) ,  similar t o   t h e   e f f e c t  of s t r a igh t - t a i l   l oca t ion  of refer- 
ence 5. The high  forward  locations of t he   s t r a igh t  t a i l  ( 2 = 1.15E, 
z = 0 . 6 0 ~  and 2 = 0.755, z = 0 .&E) resu l ted   in   conf igura t ions   tha t  
remained longi tudina l ly   s tab le   to   s l igh t ly  below t h e  stall.  However, 
when located a t  t h e  low favorable   pos i t ion   for   longi tudina l   s tab i l i ty  
or a t  the  high  forward  posi t ions,   the   present   s t ra ight  t a i l  would be 
unable t o  provide  longitudinal trim throughout  the  l if t-coefficient  range 
as indicated by the  ta i l - incidence  data  of f igures   4(b)  and 4(c) .  

Effect of t h e   d e l t a  t a i l  on the   l ong i tud ina l   s t ab i l i t y  and control.-  
For t a i l  location  rearward and  below t h e  chord l i n e  extended ( 2  = 1.56c', 
z = -0.2Oc') longi tudina l   s tab i l i ty   a l so   occur red   wi th   the   de l ta  t a i l  f o r  
t h e  model with  f laps   def lected  ( f ig .  5 (a ) ) .  No other   invest igat ion was 
made wi th   the   de l ta  t a i l  at this t a i l  length  since it i s  believed that 
the   s t ab i l i t y   cha rac t e r i s t i c s  would be similar t o  that found f o r   t h e  
s t r a igh t  t a i l  and t h e   r e s u l t s  of references 4 and 5. Tail-incidence 
data  of f igure  5 (b) and the   t a i l -of f  data of f igure  3 indicate  that, with 
a high  forward  location of t he   de l t a  t a i l  ( 2  = 0 . 7 5 ~ ;  z = 0 . 6 0 ~ ) ~  longi- 
tud ina l  trim would be  unattainable  throughout  the  l if t-coefficient  range. 
From consideration of t he   s imi l a r i t y  of t h e  pitching-moment  curves of t h e  
present   invest igat ion  to   those of reference 4 it is  believed that longi- 
tud ina l  t r i m  could  be  obtained  throughout  the  lift-coefficient  range  with 
t h e   d e l t a  t a i l  located  rearward and  below t h e  chord l i n e  extended 
( 2  = 1.56F, z = -0.20~'). 

Lateral S tab i l i ty   Charac te r i s t ics  

Yawing  moment and s ide  force due t o   s i d e s l i p . -  The d e l t a   v e r t i c a l  
t a i l  provided s t a t i c   d i r e c t i o n a l   s t a b i l i t y  of t h e  model with  horizontal  
t a i l  off and f laps   def lected 52.5' except at high l i f t  coeff ic ients ,  
where large  reversals   in   both CnP and CyP occurred  (fig. 6) . Addi- 
t i o n  of the   de l ta   hor izonta l  t a i l  fur ther   increased   the   s ta t ic   d i rec-  
t i o n a l   s t a b i l i t y  up t o  a l i f t  coeff ic ient  of 1.06. 

Rolling moment due t o  s ides l ip . -   Pos i t ive   e f fec t ive   d ihedra l  
-CzB ( f i g .  6) increased  with  increase of l i f t  coefficient  throughout 
most of the  l i f t -coeff ic ient   range  for   the  ta i ls-off   configurat ion  with 
f laps   def lected 52.5'; however, a reduct ion   in   the   e f fec t ive   d ihedra l  
occurred a t  approximately a l i f t  coeff ic ient  of 1.1. Ehploying t h e   d e l t a  
v e r t i c a l  t a i l  general ly   resul ted  in   addi t ional   posi t ive  dihedral ,   the  
increment  of  which  decreased  with  increase  of l i f t  coeff ic ient .  The 
e f f ec t  of the   de l ta   hor izonta l  t a i l  on t h e   r o l l i n g  moment of t h e  ta i ls-  
on configuration was small. 
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CONCLUSIONS 

A low-speed investigation  to  determine  the  longitudinal  character-  
i s t i c s  of a thin aspect-ratio-1.83,  pointed-wing-fuselage c o n f i p a t i o n  
with  double   s lot ted  f laps   including  the  effects  of a s t r a igh t  and a 
de l ta   hor izonta l  t a i l  on. t he   l ong i tud ina l   - s t ab i l i t y  and the   e f f ec t  of a 
d e l t a   v e r t i c a l  t a i l  on t h e   s t a t i c   l a t e r a l   s t a b i l i t y   i n d i c a t e s   t h e  
following  conclusions: 

1. The angle of a t tack   requi red   to   ob ta in  a given lift coeff ic ient  
was considerably  reduced  with  deflection of t h e  double s l o t t e d   f l a p .  
An angle of a t t a c k  of  about 23O was required  for   the  plain wing t o  
obtain a l i f t  coef f ic ien t  of 1.0, whereas  an  angle of a t tack  of  about 
7' w a s  r equ i r ed   t o   ob ta in   t he  same l i f t  coeff ic ient   with a f l ap   de f l ec -  
t i o n  of 52.5'. Most of the  l i f t -coeff ic ient   increment   with  f lap  def lec-  
tion  held  throughout  the  angle-of-attack  range t o  t he  stall.  With a 
f lap   def lec t ion  of  52.5' the  lift coeff ic ient  at an  angle of a t tack  of 
Oo was 0.66  and t h e  maximum l i f t  coef f ic ien t  was 1.53. 

2. For l ong i tud ina l   s t ab i l i t y  of the model with  the  double  slotted 
f laps   def lec ted ,   the   sa t i s fac tory   loca t ion   for  a s t r a igh t  or d e l t a  hor- 
i zon ta l  t a i l  w a s  rearward and  below the  wing chord  line  extended. 

3 .  The d e l t a   v e r t i c a l  t a i l  p rov ided   s t a t i c   d i r ec t iona l   s t ab i l i t y .  of 
the  model with  double   s lot ted  f laps   def lected 52.5O except at high l i f t  
coef f ic ien ts  where la rge   reversa ls   in   the   var ia t ion  of yawing moment and 
lateral force  with  sideslip  occurred. The d e l t a   v e r t i c a l  t a i l  generally 
increased  effect ive  dihedral  of the model. 

Langley  Aeronautical  Laboratory, 
National  Advisory Committee for  Aeronautics, 

Langley F ie ld ,  Va., Apri l  3 ,  1956. 



NACA RM L56D03 

REFERENCES 

9 

1. MacLeod, Richard G.: A Preliminary Low-Speed Wind-Tunnel Invest igat ion 
of a Thin  Delta Wing Equipped  With a Double  and a Single   Slot ted 
Flap. NACA IIM ~ 5 1 ~ 2 6 ,  1952. 

2.  Riebe, John M. ,  and MacLeod, Richard G.: Low-Speed Wind-Tunnel Inves- 
t i g a t i o n  of a Thin 60° Delta Wing With  Double Slotted,   Single 
Slotted,   Plain,  and Spl i t   Flaps.  NACA RM L52J29, 1953. 

3. Riebe, John M.:  The Effects  of  Fuselage  Size on the  Low-Speed Longi- 
tud ina l  Aerodynamic Character is t ics  of a Thin 60° Delta Wing With 
and  Without a Double Slotted  Flap.  NACA RM L52L29a, 1953. 

4. Riebe,  John M.,  and  Graven, Jean C.,  Jr.: Low-Speed Invest igat ion of 
the  Effects  of Location of a Delta Horizontal T a i l  on the  Longitu- 
d i n a l   S t a b i l i t y  and Control  of a Fuselage and  Thin Delta Wing With 
Double Slotted  Flaps  Including  the  Effects of a Ground Board. NACA 
RM L53U9a, 1.953. 

5. Riebe,  John M., and  Graven, Jean C. ,  Jr.: Low-Speed Invest igat ion of 
the   Ef fec ts  of Location of a Delta and a St ra ight  T a i l  on the  Lon- 
g i tud ina l   S t ab i l i t y  and Control of a Thin  Delta Wing With  Extended 
Double-Slotted  Flaps. NACA IIM L53J26, 1954. 

6. Smith, Donald W . ,  and Reed, Verlin D .  : Subsonic Static  Longitudinal 
S t ab i l i t y  and Control  Characteristics of a Wing-Body Combination 
Having a Pointed Wing of Aspect  Ratio 2 With  Constant-Percent-Chord 
Trailing-Edge  Elevons. NACA RM A53C20, 1953. 

7. Gill is ,  Clarence L., Polhamus, Edward C . ,  and Gray, Joseph L., Jr.: 
Charts  for  Determining  Jet-Boundary  Corrections  for Complete Models 
i n  7- by  10-Foot  Closed Rectangular Wind Tunnels. NACA WR L-l23, 
1-94?. (Formerly NACA ARR LG531. ) 

8. Herriot, John G.: Blockage Corrections for Three-Dimensional-Flow 
Closed-Throat Wind Tunnels, With Consideration  of  the  Effect  of Com- 
p res s ib i l i t y .  NACA Rep. 995, 1950.  (Supersedes NACA RM ~ 7 ~ 2 8 . )  



10 

PHYSICAL  CHARACTERISTICS OF THE TEST mDE!L 

NACA RM L56D03 

Wing: 
span, f t  . . . . . . . . . . . .  
Aspect r a t i o  . . . . . . . . . .  
Thickness of flat p l a t e  (maximum 
Leading-edge sweep. deg . . . .  
Trailing-edge sweep. deg . . . .  
Area. sq f t  . . . . . . . . . .  
Mean aerodynamic  chord. ft . . .  
Leading-edge bevel  angle. deg . 
Trailing-edge  bevel  angle. deg . 
Taper r a t i o  . . . . . . . . . . .  

. . . . .  . . . . .  
thickness . . . . .  . . . . .  . . . . .  . . . . .  . . . . .  . . . . .  . . . . .  

. . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . .  
r a t io ,  0.047) i n  . . . . . . . .  . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . .  

4.00 
1.85 
518 

60.0 
-23.1 
8.63 
2.88 
6.8 
7.9 

0 

Vane : 
span, ft . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.98 
Chord, percent wing chord . . . . . . . . . . . . . . . . . . . . . . . . .  5.40 
Chord, percent  flap  chord . . . . . . . . . . . . . . . . . . . . . . . . .  27.32 

Flap : 
S p a n , f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.98 
Chord. percent wing chord . . . . . . . . . . . . . . . . . . . . . . . . .  19.76 
Exposed.area, sq f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.03 
Area, percent wing area . . . . . . . . . . . . . . . . . . . . . . . . . .  11.91 
Trailing-edge  bevel  angle, deg . . . . . . . . . . . . . . . . . . . . . . .  7.9 

Delta horizontal tai l :  
Span, f t  . . . . . . . . . . . .  
Aspect r a t i o  . . . . . . . . . .  
Thickness of f la t  .plate  (maximum 
Leading-edge sweep, deg . . . .  
Area, sq f t  . . . . . . . . . .  
Area, percent wing area  . . . .  
Mean aerodynamic chord, f t  . . .  
Leading-edge bevel  angle, deg . 
Trailing-edge  bevel  angle. deg . 
Taper r a t i o  . . . . . . . . . .  

. . . . .  . . . . .  
thickness 
. . . . .  
. . . . .  . . . . .  . . . . .  . . . . .  . . . . .  . . . . .  

. . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  
r a t io ,  0.045) , i n  . . . . . . . .  . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . .  

1.79 
2.31 

60.0 

16.1 
1.03 
6.0 
7.3 

0 

114 

1.39 

Straight  horizontal ta i l :  
S p a n , f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.75 
Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3.06 
Tape r ra t io  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.394 
Root thickness   ra t io  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.045 
Leading-edge sweep. deg . . . . . . . . . . . . . . . . . . . . . . . . . .  23.1 
Area, sq f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.0 
k e a ,  percent wing area . . . . . . . . . . . . . . . . . . . . . . . . . .  11.6 
Mean aerodynamic chord, f t  . . . . . . . . . . . . . . . . . . . . . . . . .  0.61 

Del ta   ver t ical  tai l :  
Aspec t r a t io  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.15 
Thiclmess of f la t  p la te .   in  . . . . . . . . . . . . . . . . . . . . . . . .  118 
Leading-edge sweep, deg . . . . . . . . . . . . . . . . . . . . . . . . . .  60.0 
Area, sq ft . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.6 
Area, percent wing area . . . . . . . . . . . . . . . . . . . . . . . . . .  18.4 
Mean aerodynamic  chord, f t  . . . . . . . . . . . . . . . . . . . . . . . . .  1.57 . 

...... 
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TABLE 11.- ORDINATES OF THE VANE 

(Ordinates are given i n  percent chord) 

" 
2.5 
5.0 
10.0 
20.0 
30.0 
40.0 
50.0 
60.0 
70.0 

5.2 
7.2 
10.2 
13.6 
15 .o 

-6.7 
-8.5 
-9.2 
-7.2 
-4.4 
-2.7 
-2.0 
-2.3 

100.0 -9.7 I -9.7 I 

1 Section A-A 
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Section A - A  

Section 6-6 

Section C- C 

Ordinates of the  leading edge of the  trailing-edge Flap 

s t a t i o n  

Section A-A 

Loner surface Upper surface 

~~ 

0 
.152 
.SO5 
-610 

1.219 
.91b 

1.676 

-0.150 
.010 

,180 
.080 

.3oo 

.250 

.312 
I 

-0.150 - .250 - .270 
- .290 - .m - -310 - -312 

1 t I 
Section B-B 

0 
2 0 0  
.2oo 
.boo 
.6W 
.8W 

1 .loo 

I -0.150 . oio 
.080 I :% 

I -0.150 I 

I I - .250 
- .290 - .270 
- .3oo - .310 - .312 

I I 
Section C C  
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X ax  is -i, 

x ax 

S ide  force 

!Y ax is  

212,"-- 
LJ--"-- 

Rol l ing  moment 

I 

, L i f t  

fching moment 

- 

Rolling  moment 

Relat ive wind . 
Z axis 

\ 

Figure 1.- System of s t a b i l i t y  axes.  Positive  values of forces,  moments, 
and angles  are  indicated by arrows. 
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5.30- 

" 3 4 . 0 9  

f 

I 
thick  strut with rounded 

leading and frailing edges for 
supporting horizontal .tails. 

(a) Details of fuselage, wing, and v e r t i c a l  t a i l .  i2 
Figure 2. - General  arrangement of the model, (All dimensions are .in  inches  except where noted. ) UI 
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" 

" 

-L 

No fe: 

Ordtna jes for   f lap sectlons A-  A ,  0-  B Ord,Nates for vane given i n  Table ZT. 

and C-C given  in t a b l e n .   S t r a i g h t  
l ine  e lements connect flap  leading 
edge  sections A - A  and fl-0,  fl-0 and C-C. 

\ 
"H inge  line I B c l  

Vane leading edge of vffne 
flap combinafton on hinge 
l i n e   f . 8 3 ~ 1  . 

.8 /c  I . 
I '  retracted 
I 

rypicaf section 
Double slotted  f lap deflected 

"~ 

Fuselage 

Vane f lap construction details  and assembly 

(b) Detai ls  of double s lo t t ed  flap.  

Figure 2.- Continued. 



Jail locations tested t 
(Straight toil/ 

(e )  Details of horizontal  t a i l s  and t a i l  locations  tested.  

Figure 2.- Concluded. 
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. /  

0 

-. 4 

40 

32 

24 

0 

-8 

-I 6 

(a) 6f = Oc, 40°, 4 3 O ,  and 50'. 

.gure 3.-  Effect of deflection  of  the  double  slotted  flaps  on  the  longi- 
tudinal  aerodynamic  characteristics  of the. aspect-ratio-1.85  pointed- 
wing-fuselage  configuration.,  Tails  off;  fuselage  with 2 = 1.56~ 
afterbody  section. 
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( a )  Concluded. 

Figure 3.- Continued. 
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(b) 6f = O', 52.5', 55', 60°, and 65'. 

Figure 3. -  Continued. 
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( b )  Concluded. 

Figure 3.- Concluded. 
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75 
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24 
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8 
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-8 
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-/ 6 
0 .2 4 .6 .8 LO L 2  /.4 l.6 /.8 

CL 

(a)  Effect of tail  location. 

Figure I+.- Effect of the  straight  horizontal  tail on the  longitudinal 
aerodynamic  characteristics of the  aspect-ratio-1.85  pointed-wing- 
fuselage  configuration  with  double  slotted  flaps  ,deflected 30'. 



22 

/.2 

I. I 

I. 0 

.9 

.8 

.7 

.6 

.5 

.4 

.3 

2 

.I 

0 

co 

1 
I. 2 1.4 1.6 1.8 

(a)  Concluded. 

Figure 4.- Continued. 
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(b) Effect of  incidence. 2 = 1.56~. 

Figure 4. - Continued. 
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(b)  Concluded. 

Figure 4.- Continued. 
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(c)  Effect of incidence. z = 0.6&. 

Figure 4.- Continued. 
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( c )  Concluded. 

Figure 4.- Concluded. 
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4G 
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16 

8 

0 

-8 

Q> deg 

- /6 

1 
I 

0 .2 4 .6 .8 /.O L 2  l.4 L 6  1.8 
CL 

(a) 1 = 1.56E; z = -0.20E. 

Figure 5.- Effect of the 60° delta horizontal tail on the longitudinal 
aerodynamic  characteristics of the aspect-ratio-1.85  pointed-wing- 
fuselage  with  double  slotted  flaps  deflected. (Fig.5(a), vertical 
tail on;  fig.  5(b), vertical tail off.) 
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(a) Concluded. 

Figure 5 .- Continued. 
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(b) 2 = 0.75E; z = 0.60E. 

Figure 5.- Continued. 
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(b) Concluded. 

Figure 5 .  - Concluded. 
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